dwelling catheter. Such washouts are especially necessary when urethritis has developed. Once the automatic function of the bladder has returned, the indwelling catheter should be removed and intermittent catheterization instituted and continued until detrusor action is powerful enough to empty the bladder or leave only a small residual urine. The same principle applies to cauda equina lesions, when voluntary micturition becomes possible by pressure on the abdominal wall. Frequent residual urine tests are essential during the early stages of bladder re-education. This regime has been found to be satisfactory in the management of the bladder in paraplegic patients and has prevented serious complications in most of our cases.
Dr. A. G. Hardy: It was very disappointing to see such bad results of internal fixation by plates. These are quite the opposite of our experiences in Sheffield, to which Dr. Guttmann has referred. Some comments could, perhaps, be usefully made. First, the selection of cases: Some appeared to be simple crush fractures which did not require fixation anyway. In others the plates were too short and only held in position by a pair of nuts and bolts. In others only single plates were used. These latter features would all tend to produce poor fixation and could only be attributed to bad technique.
If plates are to be used at all they should be double and placed one on either side of the spinous processes of the vertebrl. They should be attached by three or four sets of nuts and bolts to the spines of adjacent vertebrn either two above and one below the fracture site or vice versa.
Open reduction and internal fixation has not been used as the routine procedure for every case at Sheffield. Indeed it has only been performed on 19 out of 47 cases of fractures at the thoracolumbar junction although a further 11 were explored and internal fixation not considered necessary.
All the operative wounds healed by first intention with the spine in good alignment. None later developed secondary angulation and only one had to have the plates removed and only then at a time when bony union was firmly established.
In these cases subject to operation the early relief from pain and the ease of handling were very striking when compared with a similar group of early cases who had not been immobilized in anyway whatsoever. The nursing and turning of both groups of cases was carried out in the same orderly manner. Internal fixation was not an indication for less precision in nursing methods but it certainly facilitated the ease of nursing in the early stages.
Four of our patients developed recovery of root function which had not been previously anticipated and whereas this may not be statistically significant we feel that the restoration of the nonnal alignment of the spinal canal might have assisted recovery by relief of compression on trapped roots.
On three occasions pieces of bone and disc material were removed from the spinal canal although subsequently there was no alteration in the neurological signs noted in these cases.
Mr. Walpole Lewin (Oxford); In the management of the paraplegic patient in the Korean War as compared with the Second World War the most striking advance was the use of the Stryker frame for early treatment and transport for cases returning to this country. These patients had arrived home in excellent condition. Once the early stages were past, however, treatment on an ordinary bed was preferred as this gave the patient greater freedom and allowed more efficient re-education of the shoulder and back muscles. Another feature was the use of tidal drainage with an indwelling urethral catheter in preference to suprapubic cystotomy.
Serum Protein Changes Following Spinal Cord Injuries
By RONALD ROBINSON, B.Sc., A.R.I.C. Nationa' Spinal Injuries Centre, Stoke Mandeville Hospital, Aylesbury PREVIOUS studies carried out at this centre by Dr. Guttmann (1945 showed that the total protein concentration was almost always normal or only slightly diminished, even in those patients of the "Belsen" type. However, on fractionation it was found that the albumin/globulin ratio was invariably inverted, i.e. the total globulin concentration was higher than the albumin concentration. It was also observed that the inversion of the albumin/globulin ratio may be present in the very first days following injury.
During the last few years we have collected a large amount of data on serum protein values in the later stages of paraplegia, and it became desirable that a study should be made of the serum protein changes occurring in the early stages after injury with special reference to the following questions:
(1) How soon after the spinal injury do the serum protein changes occur?
( 2) In what form is the protein lost?
(3) Is there any marked change in any particular protein fraction, i.e. any change peculiar to spinal cord or cauda equina injuries? (4) What effects do blood transfusions have on the serum protein changes?
MATERIAL AND METHODS
We have studied 6 cases (4M and 2F) of spinal injury with involvement of the cord or cauda equina from whom it was possible to get specimens of blood at intervals of from seventeen hours to three. days after their injuries. 4 of the 6 were cauda equina lesions, one was an incomplete cord lesion below T.11, and the sixth was a mid-thoracic lesion incomplete below T.5. All our patients were young, healthy individuals: 5 of the 6 were in the age range 21 to 35 years and one was aged 42 years. There was no reason to suppose that any of these patients had an abnormal serum protein pattern before the injury.
The method employed in our study was that of zone electrophoresis on filter paper and an apparatus of the Flynn and de Mayo (1951) type was used.
We examined sera from our patients at frequent intervals (every other day at the beginning) and the total proteins, alpha, beta, and gamma globulins were determined. In addition, twenty-four-hour specimens of urine were collected and examined for their nitrogen and protein content. On admission on 20.4.54, there were no himatomata visible. There was a rapid loss of albumin and an increase in the alpha fraction (Fig. 2) . The effect of blood transfusion is shown: an increase in the total proteins, a decrease in the alpha globulins and an abrupt halt to the loss of serum albumin. Blood transfusions always have a marked effect and it has been shown by Guttmann (1945 Guttmann ( , 1946 Guttmann ( , 1949 and Walsh (1952) in this Centre and other workers in this field that frequent blood transfusions are the most efficacious method of combating nutritional deficiency in paraplegics. Fig. 2 also shows another feature we have distinguished, namely a slow rise and fall in the gamma globulin fraction, which usually reaches its peak between twenty and thirty days after the injury.
The period when the serum proteins are dropping rapidly corresponds with the period when the urinary nitrogen excretion is increasing most rapidly. This is shown in Fig. 1 .
None of our patients showed increased urinary protein values: their bladders were never allowed to become infected.
Case IH.-C. G., a woman aged 28 years, sustained a spinal cord lesion incoinplete below T.5 following a severe fracture-dislocation of T.6 on 27.2.54. Multiple hwmatomata were found over face and both legs on admission to this Centre on 1.3.54. It is worthy of note that this patient, who only showed a slight increase in the alpha globulin fraction (Fig. 3) , and who is the only patient in our series who did not show any loss of total protein, is the patient who had the most incomplete lesion in our series of cases and who subsequently made the most complete recovery of motor power. There was only slight residual sensory loss to pain and tenperature sensibility.
The urinary nitrogen excretions were high in this case but so too were the urinary volumes. They were frequently almost 5 litres and there is somne evidence (Peters and van Slyke, 1946 ) that urinary volume has some effect on nitrogen excretion.
In analysing our findings, we observed as outstanding features in injuries to the spinal cord and cauda equina the preferential loss of serum albumin over the other fractions, and a gradual increase in the gamma globulin fraction. In 4 of our 6 cases there was, too, a marked increase in alpha globulin in the early stages after the injury. (1943) , Chanutin and Gjessing (1946) , Shedlovsky and Scudder (1942) and other workers, who have found increased alpha globulins in head injuries, fractures of limbs and burns in both animals and human beings. Keyser (1952) considered that this increase is due, at least in part, to increased serumprotein bound carbohydrates. Seibert et al. (1947 Seibert et al. ( , 1948 have suggested that increased serum polysaccharide is associated with tissue destruction. This is consistent with the increased urinary nitrogen excretion shown by all our patients, the source of the nitrogen being catabolized protein. The converse, however, is not necessarily true since 2 of our patients showed increased urinary nitrogen excretion with little increase in the alpha globulin fraction. If we postulate the release of some proteolytic substance immediately or very shortly after the injury, we can account for the preferential loss of albumin over the other fractions and the gradual increase in the gamma fraction. The rate of loss of the various fractions will then obey the Law of Mass Action, i.e. the rate of loss of any particular fraction will be proportional to its molar concentration. Now, the molar concentration-Concentration in grams per litre, and, since albumin is
AlLBUMIN iLPIA z present in a higher concentration in terms of grams per litre than any other fraction and since its molecular weight is far smaller than that of any other fraction, then its molar concentration is by far the highest. Consequently, its rate of loss is by far the highest. On the other hand, the gamma fraction, which is normally present in a concentration of only about 1 % has the highest molecular weight, and, therefore, the lowest molar concentration. Its rate of loss is thus the lowest. Since there is a plasma volume loss which averages about 14% there is an apparent increase in the gamma fraction. There are doubtless other influences at work which tend to increase the gamma globulin concentration even farther. It must be remembered that the gamtma fraction is the one which contains antibodies, and we have frequently found that patients admitted to this centre with infected pressure sores have increased gamma fractions. Cases with active infection of the urinary tract also show an increase in this fraction. SERUM minations on 100 patients. Ordinate, percentage lower figure total globulin concentrations. Ordinate, of cases; abscissa, total protein concentration. percentage of cases; abscissa, protein concentration. Fig. 4 shows that the total protein concentration usually falls between the normal limits of 6 to 8 % with a slightly higher proportion falling above that range than below it. The distribution has a slight negative skew and the median value is 7 25 %. Fig. 5 clearly illustrates that the albumin values are on the whole lower than the globulin values. In this series only 3 cases were found with albumin/globulin ratios greater than unity. These were all fit men free from urinary infection and pressure sores. We have, nevertheless, found many similarly fit men with albumin/globulin ratios less than 1. The upper portion of Fig. 5 shows that the major proportion of the albumin results fell below the normal range of 3 to 4-3 %, the median value being 2-9%. The lower part of Fig. 5 shows that the major proportion of the globulin results fell above the normal range of 1 *7 to 3 *8 %, the median value being 4 1 %.
SUMMARY
(1) Following injury to the spinal cord and cauda equina, there is a rapid change in serum protein values.
The features of this change are: (a) a rapid fall in serum albumin concentration, (b) an increase in the alpha globulin concentration in the early days following injury, and, (c) a much slower rise and fall in the gamma globulin concentration.
(2) The rate of fall of the albumin concentration suggests very strongly that these changes start within a very short time after the occurrence of the injury.
(3) The increased protein catabolism leads to an increase in the excretion of nitrogenous metabolites in the urine.
(4) Following the injury, as far as the albumin/globulin ratio is concerned, the serum proteins rarely attain normal values again.
(5) Blood transfusion has a profound effect on the changing serum protein values after the injury and is the most efficacious method of preventing malnutrition.
ACKNOWLEDGMENT My thanks are due to Dr. L. Guttmann for his help throughout this investigation. INTRODUCTION IT has been shown by Guttmann (1951) that although postural sensation, like all other forms of sensation, is abolished following complete lesion of the spinal cord in man, it is possible to exercise control of posture in the paralysed parts of the body, and to maintain equilibrium in the erect position. This is achieved by the use of certain muscles, in particular the latissimus dorsi, which have their segmental innervation in the spinal cord above the level of the lesion, and their points of insertion in the paralysed part of the body, particularly the pelvis.
An account was then given of some investigations carried out by electromyography on 6 paraplegics and 2 normal subjects, with a view to throwing some light on the problem of the part played by the various normal and paralysed muscles in maintaining posture in spinal man.
APPARATUS AND TECHNIQUE
All the investigations described here were carried out with apparatus specially constructed in the Electro-Medical Research Unit for this type of work.
MATERLAL AND EXAMINATION PROCEDURE To date, 6 paralysed patients with complete lesions of the spinal cord, and 2 normal subjects have been examined in detail. In all these paraplegic patients, the complete transverse spinal syndrome was of traumatic origin, due either to gunshot injury or fracture dislocation of the spine; in 1 case, it was the result of operative removal of a spinal cyst. The level of the lesions varied between T.2 and L. 1. The motor paralysis was of spastic type of varying intensities in 5 cases, while in 1 case with paraplegia below L.1 the lesion was of lower motor neurone type, with flaccid paralysis as far as the hip flexors, glutei and flexors of the knees were concerned. The knee-jerks in this case were absent. The time lapse since the onset of the spinal paraplegia varied between five and ten years. All paraplegics examined were fully rehabilitated and in excellent physical condition. The examination has been concentrated on four muscle groups, the latissimus dorsi, gluteus maximus, quadriceps and hamstrings.
